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The Model-based image-matching (MBIM) technique utilises uncalibrated video sequences 39 to reconstruct three-dimensional human motion patterns and estimate temporal joint angle 40 histories, velocities and accelerations.P A single common injury mechanism was selected in which a large unwanted ankle inversion 55 secondary to inadvertently stepping onto an opponent's foot during an elite level basketball 56 game was experienced. The inclusion criteria were: conforming to the selected injury 57 mechanism; the player was unable to continue playing after the injury or had problems 58 playing (following the approach taken by Fong and Wei P 10 P); the injury was reported as an 59 ankle sprain injury in the post-match report; two camera views of the incident were available 60
(showing the shank and foot segment clearly and showing an extreme inversion sparin 61 motion) with a video resolution of at least 640x360 pixels with a frame rate of at least 25 Hz 62 (the minimum frame rate deemed appropriate in prior workP The virtual environment was manually matched to the image background for each frame in 85 every camera view, using a key frame and spline interpolation technique by adjusting the 86 camera calibration parameters: position, orientation and focal length. The skeleton model 87 used for the skeleton matching of the lower limb consisted of four rigid segments: foot, 88 tibia/fibula, thigh and pelvis. The complete matching process is fully described by Krosshaug 89
and Bahr.P 
<FIGURE 2> 110
Engineering strain at each point was calculated as the ratio of length change over original 111 length 112
113
Engineering strain rate was calculated as follows: 114
Maximum Load, stiffness, deflection to failure and strain to failure across the strain rates 116 experienced were calculated for both ligaments using scaled data from the literature. 117
Attarian et alP 15 P found that the ATFL and CFL had stiffnesses of 272±46 N/cm and 549±88 118 N/cm, respectively from a mean donor age of 57.9 years, loaded at strain rates of 96/s and 119 61/s. Recent work has shown that there is no strain rate effect on maximum stress and 120 ultimate load for ligaments when loaded above 1/s P
16
Pand the expected strain rates in the 121 four cases are above 1/s, therefore no strain rate scaling is required for the above data. 122
The ultimate load of ligaments decreases with age according to an exponential decayP found that stiffness decreased by 16% from a young age group to an older age 126 group, therefore the stiffness data, deflection to failure and strain to failure of the ATFL and 127
the CFL from the Attarian et alP
The case analysis below proposes the injury magnitude through an analysis of maximum 154 strain to the ATFL and CFL. This is recorded as "injury assessment" in Table 2 . 155
Case 1: The maximum ATFL strain was 18%, which is significantly below the strain to 156 failure. The maximum CFL strain was 61%, which exceeds the strain to failure, suggesting a 157 complete rupture of the CFL. The player was ruled out of sport for two weeks. 158
Case 2: The maximum ATFL strain was 71%, which is approximate at the strain to failure 159 (67%). The maximum CFL strain was 47%, which is equal to the approximate strain to 160 failure. The most probably outcome, therefore, was that the CFL and ATFL each sustained 161 minor sprains. The player continued to play below his normal standard. 162
Case 3: The maximum ATFL strain was 47%, which is below the strain to failure. The 163 maximum CFL strain was 53%, above the strain to failure. The most likely outcome was that 164 the ATFL was kept intact and the CFL was moderately sprained. The player returned to 165 action after only two days. 166
Case 4: The maximum ATFL strain value was 73%, which is just greater than the strain to 167 failure (67%). The maximum CFL strain was 49%, also slightly over the strain to failure 168 (47%), suggesting that both ligaments sustained moderate sprains, similar to Case 2, at a 169 slightly more severe level. The player was ruled out of sport for three months. 170
Discussion 171
All cases analysed here follow a similar pattern. The main factor causing the injury is that the 172 injured player steps onto an opponent's foot (abnormal landing) to create an ankle injury. 173
The consistent features in these injury patterns are a sudden inversion and low values (10-174 35°) of plantarflexion. The lack of plantarflexion indicates that the subtalar joint had little47°) across the four cases. These results are similar to those in the literature P 7,9,18 P, however, 177 very low internal rotation has not been shown previously. 178
Basketball is a sport that requires frequent jumps and landings, cutting manoeuvres and 179 contact with other players and thus observing different injury mechanisms is expected. 180
However, the short injury duration and high inversion velocities in all cases indicate that the 181 preventative measures should focus on resisting the inversion torque at the ankle joint for a 182 very short period of time. Proposed mechanisms to achieve this include neuromuscular 183 training on correct foot landingP 
185
This study has a number of key limitations, in particular, we were limited by the number of 186 cases. The minimum frame rate in this study was 25 HzP • This injury mechanism consists of excessive internal rotation and inversion. 210
• Reducing internal rotation alone through proprioceptive training and/or prophylactic 211 footwear or bracing will protect the anterior talofibular ligament thus facilitating a 212 faster return to sport. 213 Table 1 : Derived biomechanical data of the anterial talofibular ligament (ATFL) and the calcaneofibular ligament (CFL) for four basketball players with mean age of 29 years old. 
